rg57.-Net water transfer across the skin and urine formation by the kidneys were studied in frogs (R. @iens) especially under the influence of Pituitrin. The water uptake across the skin increased approximately 2.5-fold after the injection of Pituitrin, without any accompanying increase in urine formation. This Pituitrin effect in intact frogs was abolished totally or partly in extreme cold (1°C) or when the frogs were treated with nitrogen or KCN or IAA. These results are interpreted as evidence that the increase of net water transfer across the frog's skin after the application of Pituitrin might be an active process, and it may be further postulated that the energy requirement for this increased transfer is small. RUNN 
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I 88(3): 439-442. rg57.-Net water transfer across the skin and urine formation by the kidneys were studied in frogs (R. @iens) especially under the influence of Pituitrin. The water uptake across the skin increased approximately 2.5-fold after the injection of Pituitrin, without any accompanying increase in urine formation. This Pituitrin effect in intact frogs was abolished totally or partly in extreme cold (1°C) or when the frogs were treated with nitrogen or KCN or IAA. These results are interpreted as evidence that the increase of net water transfer across the frog's skin after the application of Pituitrin might be an active process, and it may be further postulated that the energy requirement for this increased transfer is small. RUNN B (I) found that the injection of the posterior pituitary hormone upset the frog's water balance, even when it did not suppress urine output. Many workers have since confirmed the original finding and contributed to the understanding of the nature of this upset. The skin is of vital importance in the enhanced water uptake (2) , and in fact the same result was observed in an isolated frog skin preparation (3) . Recently, Sawyer (4) reported that the oxytocic substance is mainly responsible for this enhancing influence upon the skin after the injection of the posterior pituitary hormone, although the pressor substance also showed some influence.
Currently, there are two contradictory theories to explain the possible mechanism of the Pituitrin effect: a) Koefoed-Johnsen and Ussing (5) postulate that active transport is not the main reason for the higher water transfer after the application of hormone, but that this response may consist in an opening up of pores or creation of new pores to allow a more ready flow of water without increasing the total area available to diffusion (pore theory) : and b) Capraro and Garampi (6) postulate that the action of the posterior pituitary hormone is mainly an electro-osmotic effect, due to an increase in the potential difference between the two sides of the skin membrane and perhaps to an increase in the potential difference between the pore walls and the mobile solution which they contain, that is, active transport is involved (active transport theory).
The present investigation attempts to decide between these two mechanisms of Pituitrin action upon frog's water intake. The understanding of this skin mechanism might also enable us to visualize the action of the same hormone in the mammalian renal tubules. stated each animal was placed in a covered soo-ml beaker containing IOO ml of distilled water which was well aerated throughout the experimental period, and was kept there for 3 hours. At the end of each hour the animal was taken out to be weighed.
METHODS
lifter 3 hours the frog was weighed, the cloaca was untied and the bladder was again emptied as described before; then the animal was reweighed to find out the amount of urine voided. The weight gain and the urine formed were expressed as percentage of initial body weight. In order to rule out the factor of seasonal variation, each experiment was paired, that is, one half of the frogs were controls and the other half Pituitrin-treated.
Ten international units of Pituitrin (obstetrical: Parke, Davis & Co.) per IOO gm body weight were injected into the dorsal lymph sac. This dosage was chosen because it gives the maximal response (4). In some experiments, KCN or iodoacetate was added to the external medium; or nitrogen gas instead of air was bubbled through the medium.
Iodoacetate was also injected into the dorsal lymph sac in some cases.
RESULTS

Effect of Temperature.
The distilled water around the frogs was maintained at 25O, 16', 6" and IOC (table I) . In general, the rates of water uptake were constant throughout the s-hour experimental period, as determined at the end of each hour. In the control group water uptake decreased exponentially with decrease of temperature, and the value of the temperature coefficient (&) ranged from 1.2 to 2.2, averaging 1.5. This control water uptake ceased when the frogs were placed in 0.24 M sucrose solution, confirming the finding of Kalman and Ussing (7) on the toad. The urine formation also diminished with decrease of ternperature, as in the case of hypothermic rodents (8). These effects of cold temperature were reversible. All the rates of urine formation in the control group approximated the rates of water uptake across the skin.
The injection of Pituitrin usually promoted more water uptake across the skin. The increments in the water uptake due to Pituitrin, (water uptake after Pituitrin/control water uptake without Pituitrin -I) X IOO, are listed in table I. The increment in water uptake due to Pituitrin was fairly constant over the temperature range from 6" to 25' C, amounting to approximately 250%. However, when the temperature of outside water was IOC, no effect of Pituitrin was observed. The rate of urine formation was not affected by the Pituitrin given at 25OC, but was significantly diminished as the temperature was lowered below 25OC. Even at IOC, the antidiuretic effect of Pituitrin was detectable. That is, whatever the mechanism of Pituitrin action on the two physiological systems ma.y be, the renal system differs from the skin system in responsiveness (dose and temperature) toward exogenous Pituitrin. Since Pituitrin is known to decrease the glomerular filtration as well as to increase the tubular reabsorption of water in frogs (9), the observed antidiuretic effect of Pituitrin in cold may be due to a greater effect of Pituitrin on renal hemodynamics rather than due to an increased tubular water reabsorption.
The failure of Pituitrin to promote water uptake across the frog skin at IOC can not be explained on the basis of 'pore theory' as now stated by Koefoed-Johnsen and Ussing (5). If this theory were correct the increment of The control water uptake was not affected by the treatment with IAA, but the Pituitrin effect was prevented. The urine formation was not affected and Pituitrin antidiuresis was not significant in the IAAtreated animals.
From these results it is apparent that without aerobic oxidation or without glycolysis Normal Water Uptake. In this investigation distilled water was used in the outside medium, in order to eliminate any complication due to possible activity of a sodium pump. The normal water uptake was a) unaffected in the presence of nitrogen or iodoacetate, b) stopped when isotonic sucrose was placed in the outside medium, and c) dependent on temperature with the Qlo value of 1.5 on the average. These observations indicate that the uptake of water itself through the skin under the experimental conditions described in this work is a passive phenomenon, probably driven by the osmotic pressure gradient existing between the body fluid and the outside medium. How the water uptake was promoted, though slightly, in the presence of KCN is not explained at the moment.
nitude of Pituitrin action. Until these observations are available it is tentatively postulated that active transport is mainly concerned in the increment of water transfer after the application of Pituitrin. The oxygen consumption of isolated frog skin increased as the sodium transport through it was increased by the application of Pituitrin (13) , and this finding might possibly be a further evidence for the 'active transport theory. ' Garby and Linderholm (14) concluded that their experimental results on the urea permeability of frog skin did not aid them in forming a definite concept of the 'pore structure' of the skin.
Pituitrin
Action on Water Uptake.
The increment of water uptake through the skin due to exogenous Pituitrin in frogs as found in this work was approximately the same as previously reported in intact frogs (4) and in an isolated skin preparation (5). The enhancing action of Pituitrin was partly or totally abolished in extreme cold (1°C) or when the frogs were treated with nitrogen or KCN or IAA; this suggests that the increased net transfer of water into the body may be in some way related to a metabolic process. The fact that Pituitrin acts at a temperature as low as 6°C and is still partly maintained even when the frogs are treated with various metabolic inhibitors, suggests that the required metabolic process is rather small. To the author's knowledge the possible metabolic dependence of the Pituitrin effect has not been previously explored, although several metabolic inhibitors were successfully applied to an isolated frog skin preparation and were shown to inhibit the transport of sodium ions ( I I, I 2). Where distilled water was used as outside medium the observed inhibition of Pituitrin action in the presence of metabolic inhibitors cannot be attributed to inhibition of sodium transfer. It is highly desirable that both water influx and water outflux be determined simultaneously under the experimental conditions described in this work, and also that measurements of oxygen consumption be made and be correlated with the mag-
Action on the Kidneys.
The antidiuretic activity of Pituitrin was not significant in the normal condition (25OC), and this could be due to the fact that Pituitrin used in this work mainly consisted of the oxytocic principle. The fact that this Pituitrin induced a significant antidiuresis in cold may be due to the alteration of renal hemodynamics by it. The author also previously found that exogenous Pituitrin (surgical) did not induce a conventional antidiuresis in the hypothermic rat, but had a predominantly pressor effect ( 5) I .
